Endoscopic ultrasonography (EUS) has become an indispensable method for diagnosis and therapeutic procedures in gastroenterology. As experience with this technique grows, new indications continue to emerge. Due to the vicinity of the transducer to the liver, endoscopic ultrasonography provides detailed images of the liver segments and its vascular and biliary structures. Endosonographers have made an effort to define a clinical role for endoscopic ultrasound in liver diseases; however, not much is known about endoscopic ultrasound guided fine needle aspiration (EUS-FNA) in hepatic focal lesions. This review summarizes the available evidence regarding the usefulness of endoscopic ultrasound-guided fine needle aspiration in patients with focal liver lesions.
Introduction
Endoscopic ultrasonography (EUS) has become an indispensable method for diagnosis and therapeutic procedures in gastroenterology and as experience with this technique is growing, new indications for EUS continue to emerge [1] .
There has been continuous progress in EUS diagnostic capabilities warranted by improved imaging systems, more suitable needles that resulted in better tissue sampling and lower technical failure rate [2] [3] [4] [5] [6] [7] [8] , and also the development of enhanced imaging functions such as contrast harmonic and elastography [9, 10] .
The prospect to obtain precise, ultrasound-guided biopsies of possible metastatic liver lesions can drastically alter the therapeutic conduct [11, 12] . This, combined with limited adverse events [13] , makes EUS an excellent modality to allow staging in malignant conditions. Due to the vicinity of the transducer to the liver, EUS provides detailed images of the liver segments and its vascular structures [14] [15] [16] . Consequently, endosonographers have made an effort to define a clinical role for EUS in liver diseases; however, not much is known about EUS-FNA in hepatic focal lesions. Still, there is a limited number of articles that analyze the role of EUS guided FNA for focal liver lesions. The objective of this paper was to evaluate the available evidence regarding the usefulness of endoscopic ultrasoundguided fine needle aspiration (EUS-FNA) in patients with focal liver lesions.
Material and method
A systematic review was conducted in order to assess the evidence supporting the diagnostic yield of endoscopic ultrasound-guided biopsy of focal liver lesions and how it applies in daily clinical practice. We conducted a PubMed search using "endoscopic ultrasound liver biopsy" and "endoscopic ultrasound liver FNA" key concepts. We screened the titles and the abstracts for eligibility and all articles relevant to the subject were extracted up to March 2018. Moreover, the references of reviewed articles were analyzed in order to obtain any other reference that eluded the primary search. Non-English language articles, commentaries, letters, congress proceedings, abstracts, and articles in which EUS did not represent the major focus were not included. The full-texts of the relevant studies that were identified were assessed using our inclusion and exclusion criteria and finally 9 studies were included in the analysis.
Regarding data collection, considering the small number of studies on the topic, priority was assigned to the study subject, not taking into consideration the type and year of publication or the number of patients enrolled. The content of each study was further analyzed to identify relevant clinical issues. The extracted data included the name of the author, the year of publishing, the study design, the needle size used for the FNA procedure, the diagnostic adequacy and complication rate.
Results
Search strategy with keywords "endoscopic ultrasound liver biopsy" and "endoscopic ultrasound liver FNA" returned 1341 results. Abstracts were all screened by (IV) and the full text of relevant articles was retrieved and analyzed. Finally 9 studies were included in the analysis.
Characteristics of the included studies are displayed in Table I . The 9 studies included in our analysis enrolled 1207 patients of which 414 underwent EUS-FNA.
Common focal liver lesions include hepatocellular carcinoma, cholangiocarcinoma, metastasis, focal nodular hyperplasia, adenoma, hemangioma, regenerative nodular hyperplasia, biliary cystadenoma, and simple liver cyst. The precise diagnosis of hepatic masses is imperative for clinical decision-making. Many of these lesions can be diagnosed by standard abdominal imaging alone or combined with percutaneous biopsy [16] . However, smaller lesions, less than 1-2 cm in diameter may not be diagnosed adequately by abdominal ultrasound, computed tomography, magnetic resonance imaging or may not be reachable for percutaneous biopsy [21, [24] [25] [26] . In comparison to CT scan, EUS detected significantly higher number of metastatic lesions in the liver (40vs19).
CT scan detected lesions in liver that were too small to be characterized in 8 cases (malignant 3; benign 5). Of these, EUS-FNA correctly characterized the lesion to be malignant in 3/3 cases and benign in 4/5 cases Lee et al 2016 [22] 
Discussion
Basic principles of EUS-FNA of the liver EUS can chart the detailed anatomy of the liver from transgastric and transduodenal routes. Viewing and sampling the right posterior segments is laborious but achievable [23, 27] . In addition, EUS offers the potential for a precise biopsy for histology/cytology examination. Still, the role of EUS-guided FNA in the diagnosis of liver lesions has not been standardized at this point [28] .
When performing the EUS-FNA/FNB procedure, the target lesion is visualized using a linear echoendoscope and interposed vessels are excluded with the help of color Doppler. Under real time ultrasound guidance, the lesion is punctured and sampled with or without vacuum suction by a series of needle passes within the target lesion (fanning technique) [29, 30] . The use of stylet during FNA does not appear to confer any advantage with regards to the adequacy of the specimen or diagnostic yield of malignancy [31] . The aspirate acquired is then laid out onto glass slides for cytology smears or immersed in formalin for histology. Rapid on-site cytological examination (ROSE) by a cytologist may help, in real-time, to assess cytological smear adequacy, but this adds to procedural costs and is scarcely available [29, 30] . Although diagnostic accuracy achieved by cytology suffices in most instances, tissue histology seems to be the preferred option in specific circumstances that requires tissue architecture as part of the assessment or ancillary tests such as immunohistochemical studies and molecular analysis [32] .
EUS-FNB gained support with the emergence of EUS core biopsy needles, over a decade ago. Initially, it fell short showing superiority over traditional FNA, and the technical failure rate was high [33] . Later, softer, more flexible needles developed and they are being increasingly used for tissue acquisition. Currently, there is a variety of EUS-FNB needles available, with sizes ranging from 19 to 25 gauge. These needles are easier to use and increase the rate of core tissue acquisition, therefore reduce the need for ROSE [3] [4] [5] [6] [7] [8] 34, 35] .
EUS compared to CT/MRI for detection of focal liver mass
Hepatic metastasis is commonly hypoechoic, with an uneven border such as the one seen in pancreatic and colon metastasis or hyperechoic such as seen in metastatic neuroendocrine tumors and renal cell carcinoma [36, 37] . Hepatocellular carcinoma may occur on EUS images either as hypoechoic or hyperechoic [38] .
Starting from the premise that EUS is more sensitive for the detection of small hepatic lesions then CT/MRI, Singh et al. compared the accuracy of EUS with CT and MRI in 2 different studies. In one study EUS proved to be superior to CT scan in diagnostic accuracy, 98% vs 92%, respectively, (P = 0.0578) and in its ability to detect the number of metastatic lesions in the liver, 40 vs 19, respectively, (P = 0.008). In eight cases, CT detected lesions that were too small to characterize, of which EUS-FNA correctly diagnosed three cases to be malignant and four cases to be benign [21] . In the second study, EUS/ EUS-FNA had a diagnostic accuracy of 94% and exceeded the diagnostic accuracy of US, CT or MRI (38%, 69%, and 92%). EUS also detected a significantly higher number of nodular lesions compared to US (P = 0.03), CT (P = 0.002) and MRI (P = 0.04) [24] .
Burrel et al. revealed that smaller lesion, under 1cm in diameter, can be missed in a significant percentage (70%) of patients by CT imaging and MRI [25] . Awad et al. evaluated the utility of EUS in detecting and diagnosing hepatic masses and established that EUS successfully identified hepatic lesions ranging from 3-14 mm, previously undetected by dynamic CT scans [26] .
Diagnostic yield of EUS-FNA of focal liver lesions EUS-FNA may be useful in the diagnosis of focal liver lesions, metastatic lesions, early hepatocellular carcinoma, and evaluation of perihepatic adenopathy [36] [37] [38] [39] [40] but there are only a few studies that evaluate tissue quality, diagnostic accuracy and different needle types for EUS-FNA of the liver.
Initial data on EUS-FNA of the liver came from Nguyen et al. in 1999. The authors concluded that EUS can detect small focal liver lesions not detected by CT, and EUS-FNA can confirm a cytologic diagnosis of liver metastasis and establish a definitive M stage that may change the clinical management [11] . tenBerge et al. used EUS-FNA to determine indications, yield, and safety based on an international survey of 167 cases. For the 167 EUS-FNA procedures, the findings of the cytopathology were malignancy in 138 (83%), benign in 22 (13%), and indeterminate in 7 (4%) . EUS-FNA was performed after CT guided FNA in 7 cases. In 83% (5/6) EUS-FNA of the liver diagnosed malignancy when CTguided liver FNA failed to do so. The authors concluded that EUS-FNA should be considered when a hepatic lesion is poorly accessible by US/CT-guided FNA [13] .
In a retrospective study by DeWitt et al., EUS-FNA of the liver was performed in 77 patients. Of these lesions, 58% were diagnostic for malignancy, 33% were benign, and 9% were nondiagnostic. The sensitivity of EUS-FNA for malignancy ranged 82-94% depending on whether the seven nondiagnostic specimens were actually malignant or benign. EUS-FNA detected malignant liver tumors that were not described by CT or US (or both) in 41% of cases. When compared to benign lesions, the authors found that malignant lesions detected by EUS-FNA were more likely to have regular margins (60% vs 27%; = 0.02) and to be accompanied by at least one other lesion detected on EUS (38% vs 9%; p = 0.03) [17] .
In a prospective study conducted by Hollerbach et al., EUS-FNA provided appropriate biopsy specimens in 40/41 patients. With regard to malignancy, the combination of histology and cytology had a sensitivity of 94% and specificity of 100%, with a negative predictive value of 78% and positive predictive value of 100%. Malignant lesions were correctly identified by cytology alone in 73% of patients, while histology alone was diagnostic in 83% of patients. The study concludes that the best diagnostic results come from combining cytology and histology but taking into consideration that negative results do not rule out malignant disease and the procedure should be repeated if clinically required [18] .
While performing EUS for esophageal cancer staging, McGrath et al. detected occult left hepatic lobe metastases in 7% of fully staged cases. None of these metastases were described on noninvasive staging examinations. The sensitivity of EUS-FNA for occult left hepatic lobe metastases was 80% [19] .
Crowe et al. compared the results of 34 CT-FNA and 16 EUS-FNA of focal liver lesions. In both groups of patients the primary clinical indication for FNA was suspected metastatic carcinoma. The 2 techniques yielded a similar range of benign, atypical, and malignant diagnoses CT( 26%, 18%, and 56%) vs. EUS(19%, 25%, and 56%). Nine of the 16 EUS-FNA of the liver procedures involved simultaneous sampling of pancreatic masses. In those cases the primary diagnosis of pancreatic carcinoma was established and meaningful staging data were obtained in a single diagnostic encounter. One case involved concurrent staging of pulmonary carcinoma by sampling a lymph node and the liver during a single endoscopic procedure. The data from this study demonstrates the versatility of the EUS approach in diagnosing malignancy [20] .
Lee et al. evaluated the role of EUS-FNA of solid liver mass as a percutaneous biopsy rescue method. EUS-FNA was performed to 21 patients who priorly underwent percutaneous liver biopsy with failure to sample (because of poor accessibility or invisibility of the lesion by US) or achieve histologic diagnosis. In 19/21 (90.5%) of the patients, malignancy was diagnosed by EUS-FNA [22] .
Outset from the premise that the right liver lobe is more difficult to visualize by EUS, Oh D et al. sought to evaluate the efficacy of EUS-FNA in patients with liver masses including the right lobe. Tissue acquisition was successful in 97.9% (46/47). EUS-FNA was diagnostic in 38 of 42 patients (90.5%). Specimens were acquired from the left lobe in 30 patients (63.8%) and the right lobe in 17 patients (36.2%). Concerning the differences between right liver mass and left mass, adequate specimen obtained was statistically higher in the left lobe (28/30, 93.3% vs. 14/17, 82.4%, P = 0.04). However, diagnostic accuracy for liver masses was not different (25/28, 89.3% vs. 13/14, 92.9%, P = 0.86) [22] .
These studies and others suggest that EUS-FNA is at least comparable if not superior to US/CT-guided biopsy in the diagnosis of patients with focal liver lesions.
Complications and limitations EUS has an acceptable overall safety profile. Nonetheless, there are notable complications, perforation being the most serious of them [41, 42] . However, the majority of complications related to EUS take place during EUS-FNA and include infection, hemorrhage, bile peritonitis and exceptionally malignant seeding [43] . A systematic review reported the mortality associated with EUS and EUS-FNA is 0.02% while the overall rate of EUS-FNA-specific morbidity was 0.98% [44] . There is little difference between EUS-FNA and EUS-FNB regarding complication rates [45] . A meta-analysis that included 51 studies failed to demonstrate a statistical difference in rate of adverse events associated with 19G needles as compared to 22G/25G needles [46] .
As to EUS liver FNA in particular, there were no adverse events reported in 6 out of the 9 studies included in the analysis [11, 17, 19, [21] [22] [23] . tenBerge reported complications in 6 patients (4%) from which 1 death (suspected to have an occluded biliary stent at the time of EUS), 1 bleeding, 2 cases of postprocedural fever and 2 cases of postprocedural abdominal pain [13] .
EUS-FNA of the liver has certain limitations. The presence of vascular structures in the path of the needle may limit the access to the lesion. Because the right liver lobe is farther away from the transducer, it is generally harder to examine and biopsy but EUS procedure is still feasible [23] . Nevertheless, with improving resolution, use of Doppler, elastography [9] , harmonic imaging, contrast enhancement [10] have improved the accuracy of the procedure.
Conclusions
Endoscopic ultrasound-guided fine needle aspiration/biopsy of focal liver lesions is practical, safe, and provides a high diagnostic accuracy. With recent advancements in EUS, it has shown superiority in detecting focal liver lesions as compared to conventional CT scan and ultrasound imaging modalities and combined with the ability to acquire tissue samples it proves to be an extremely useful tool.
It is reasonable to conclude that EUS-FNB with core biopsy needle for solid liver masses may be helpful in the management of a subset of patients for whom the percutaneous approach fails. However, it does not mean EUS-FNB can replace totally percutaneous biopsy. Therefore, we need further study to establish algorithms for deciding which modality is more effective for each patient.
